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ABSTRACT 
Accretionary prisms -·are sites· of dewatering and porosity 
reduction resulting from tectonically-induced sediment compaction. 
Much evidence exists for fluid expulsion from prisms [Carson et al., 
1989; Johnson et al., 1989; Ritger et al., 1981; Suess et al., 1985], 
and some prisms appear to have increasingly steep vertical porosity 
gradients landward of the deformation front [Bray and Karig, 1985]. 
.· :I 
Seismic refraction surveys on the Oregon margin accretionary prism ; 
yield compressional wave velocities from which porosities are derived 
according to a velocity-porosity relationship determined herein. 
Anomalously low velocities in the prism toe suggest that porosities 
are greater there than within the Cascadia Basin reference section. 
Alternatively, low velocities in the ,prism toe might exist due to 
excess pore pressures. High porosities and excess pore pressures in 
\"J 
the prism toe may result from rapid tectonic thickening of the 
incoming Cascadia Basin sediment section. Other possibilities include 
~ ' 
hydraulically-induced dilation resulting from the addition of water 
from clay diagenesis or fabric collapse deep within the prism. Such 
dilation probably precedes fabric collapse and the formation of vein 
t'." 
structures in the upper kilometer of sediments. 
I ~ 
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INTRODUCTION 
Accretionary prisms are sites of sediment compaction and 
dewatering as hemipelagic· and terrigenous sediments are decoupled from 
the subducting plate by collision with the overriding plate. Porosity 
reduction results from compaction induced by convergent motion at the 
plate boundary and lithostatic loading, as sediment packages are 
imbricated. Bray and Karig [1985] evaluated porosity distributions at 
several prisms by inferring porosities from seismic velocities,. and 
they concluded that accretionary prisms display anomalously low 
porosities at all depths with respect to basinal reference sections. 
Carson [1977] dredged low porosity sediments from the lower slope of 
the Cascadia margin·and also inferred anomalously low porosities 
throughout the lower prism. Active benthic vents, recognized by the 
occurrence of unique chemosynthetic biological communities, provide 
direct evidence of localized fluid expulsion, possibly related to 
prism-wide dewatering [Suess et 91., 1985]. Discharge rates of up to 
0.2 m3 m- 2 day- 1 have been m'easured at these vents, which commonly 
cover an area of about 10 m2 [Carson et al., in press]. Finally, the 
presence of 1 methane-derived authigenic carbonates on the Cascadia 
prism, both recovered and inferred from GLORIA side~scan sonar 
imagery, has led some researchers to speculate that significant . 
volumes of pore fluids are expelled from the ridges at the prism toe 
[Carson et al., 1989; Johnson et al., 1989; Kulm and Suess, in press; 
Ritger et al., 1987]. 
A large sub-horizontal stress component exists within 
accretionary prisms [Moore and Silver, 1987; Shi and Wang, 1985) 
2 
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(Appendix.C). In response to this stress, Coulomb rheology p~edicts 
V 
tha·t, porosities in the prism decrease in a landward direction. As a 
result, the vertical porosity gr~dient in the middle of the prism is 
• 
steeper than near the toe, and in cross section,-porosity contours 
shoal within the sediment column and converge in a landward direction 
[Bray and Karig, 1985]. At the prism toe, however, the effect of 
stress and the compact~ve behavior of the sediments may not follow 
' ,,., 
this regional tre'nd [Bekins and Dreiss, 1989; Orange et al., 1989]. 
This study suggests that the toe of the Oregon margin prism is 
underconsolidated with respect to the undeformed sediments in Cascadia 
Basin. 
Given that accretionary prisms dewater in response to 
lithostatic and tectonic loads, and, further, that dewatering results 
in porosity reduction, the rate of fluid expulsion is governed by 
three factors: 1) initial porosity; 2) sediment compaction in 
response to stress; and 3) the permeability of sediments through which 
fluids flow [ Chang et al. , in press]. As sediments dewater ,. fluids 
migrate preferent!ally through.high-permeability fault zones or 
through stratigraphic sand-rich aquifers. Within the Barbados Ridge 
complex faults appear to play an active role in the dewatering 
process. Ocean Drilling-Program (ODP) holes in that prism encountered 
overpressured fluids with anomalously low chioride and high methane 
contents at the _decollement, suggesting that the fault zone 
periodically accommodates fluid flow and excess pore press~res [Moore 
et al., 1988]. Within the Oregon margin sand-rich turbidite strata 
,, 
[Kulm et al., 1973) may act as aquifers through which deeper-sourced 
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fluids migrate upwards toward the prism toe. The importance of these 
stratigraphic conduits for fluid migration relative to fault zones is 
unknown . 
Little is known about the rates or mechanisms of dewatering 
within the -Oregon margin prism. Preliminary numerical models [e.g. Shi 
et al., 1989] suggest rapid flow along the decollement and pore 
pressures of up to 40 MPa in excess 
prism toei O~her models [e.g. Chang 
.J 
of hydrostatic conditions in the 
~·-. ; 
et al. , in press] which couple 
fluid flow and sediment deformation mechanisms, also indicate 
anomalously high pore pressqres. It is necessary to apply realistic 
constraints based on ·field studies in all models, and porosity and 
permeability are critical elements to constrain the models. 
Permeability is highly variable; preliminary studies of uplifted 
Cascadia prism sediments suggest permeabilities ranging from 10-19 to 
10-13 ,m2 , depending on lithology and structure (Horath and Moore, 
1989]. In the absence of DSDP and ODP holes which penetrate the Oregon 
margin prism, porosities must be predicte.d by indirect means. This 
study presents spatial variations of porosity in the sediments of the 
lower prism derived from compressional wave seismic velocities 
(hereafter referred to simply as velocity). A rudimentary 
understanding of the porosity distribution within this prism provides 
constrai~ts1 on the porosity parameter req~ired by numerical models. 
4 
.. 
i 
. ' 
GEOLOGICAL SETTING OF STUDY AREA 
The study area comprises a section of the lower Oregon margin 
prism (Figs. 1,2). The Juan de Fuca Plate originates approximately 350 
" 
km west of this convergent margin at Juan de Fuca Ridge [Kulm et al., 
1973] and subducts obliquely to orthogonally beneath the North 
American Plate at a convergence rate of 1-4 cm yr-
1 [Wells et al., 
1984; Riddihough, 1977]. The subducting oceanic crust is only about 
eight million years old and is thus still relatively warm [Atwater and 
. 
Menard, 1970]. The presence of magnetic anomalies landward of the 
morphologic deformation front, however, limits the crustal tem
perature 
there to less than 130 °c [B.T.R. Lewis, 1988, personal comm.]. 
Most of the sediments in the study area were deposited initial
ly 
• 
in Cascadia Basin as terrigenous turbidites and hemipelagic si
lts and 
clays. In Cascadia Basin an upper unit consists of roughly 280
 m of 
thin- to thickly-bedded Pleistocene sand-rich turbidites assoc
iated 
with Astoria Fan, and a lower unit is composed of Plio-Pleistoc
ene 
silty turbidites [Kulm et al., 1973]. A multi-channel seismic 
reflection profile [W076-4, Snavely et al. 1986] reveals roughly 3.5 
kilometers of sediment on Astoria Fan near the deformation fro
nt (Fig. 
3). The Jµan de Fuca plate conveys this sediment towards the 
morphologic deformation front, where the top 1.5 to 2 kilometer
s are 
detached~snd incon,orated in the prism, 1 and deep horizontal re
flectors 
suggest a 1 to 1.5 kilometer thick section subducts beneath a J 
::,, 
" 
de·c'ollement. In this area, seismic data ·indicate that the prism
 grqws 
by propagation of westward-verging ··thrust faults, and packages
 of 
sediments are imbricated upon one another, forming north-south
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oriented ridges [Cochrane et al., 1988]. Landslide pr(!cesses 
frequently expose previously buried sediments on the leading edges of 
thrust packages, as imaged by reflection profiles [tewis and Cochrane, 
in press] and directly observed from Alvin [Orange et al., 1989]. In 
the study area (Figs. 2,3), Pleistocene turbidites have been deposited 
in a small basin behind the first (i.e. weste;rn~most~or marginal) 
ridge, the crest of which is uplifted 900 m above 1..:1e Cascadia Basin 
seafloor. Foraminiferal assemblages from DSDP Site 175 indicate that 
·~ ~ 
uplift of this ridge has occurred during the past 0.45 m.y. [Kulm et 
al., 1973]. Based on similar faunal a$semblages, Carson [1977] 
proposed a maximum age of 0.30 m.y. for the marginal ridge. 
~· 
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Figure 1. Tectonic setting of the Pacific Northwest. Study area shown 
in box is enlarged in Figure 2. 
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Figure 2. Map of study area, with Cascadia Basin to the west and the 
continental slope to the east. V076-4: Multichannel seismic 
reflection profile by Snavely and others [1986). Lines l, 2: 
Seismic refraction lines by Cochrane and others [1986].which 
yield velocity data for the second ridge. Lines 3 and 4: 
Unpublished refraction data from B.T.R. Lewis (personal 
communication, 1989] which yield velocity· data for Cascadia 
Basin and the first (marginal) ridge, respectively. 
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SOURCES OF DATA AND DAT
A ANALYSIS 
r 
,; 
( 
,.1 ••.• , 
.. 
J 
, In soft sediments, co
mpressional wave seism
ic velocity is 
partially a function o
f bulk density and thus
 is inversely related 
to 
the porosity. Accordin
gly, the por.osity data 
utilized in this study
 
, 
were derived from velo
city data, which were i
n turn determined from
 
refraction surveys. Da
ta from published refra
ction surveys [Cochrane 
et al., 1988] and data coll
ected in 1988 provide c
ompressional wave 
/,'- ·,, 
veloDcities of sediment
s at three locations: C
ascadia Basin, the.1 firs
t 
. 
'··,·. 
i 
. i 
(marginal) ridge, and the se
cond ridge (Fig. 3). The su
rveys employed 
an air gun as the sign
al source, and ocean bo
ttom seismometers 
recorded the signals [Coch
rane et al, 1988; Liste~ an
d Lewis, 1976]. 
Techniques of velocity
 determination and der
ivation are detailed in
 
Cochrane and others [1988). 
Hamilton [1978] presents a 
generic velocity-bulk 
density 
function for clay-rich
 sediments. Porosities 
can be calculated from 
bulk density assuming 
an appropriate value o
f the grain d~nsity 
(Appendix A). In order to ap
ply this velocity-poro
sity translation to 
sand-rich sediments, B
ray and Karig [1985] sugges
t a constant 4% 
porosity increase for 
all velocities. Poros
ities based on the mod
ified 
,. 
"' .,.,...:.,,· 
.• 
' 
Hamil ton velocity-poro
sity relationship· [,Bray and
 Kar:l.g,{.,-;-1985] are \ 
presented below. Alter
natively, this study em
ployed a site-specific,
 
. 
empirical, velocity-po
rosity relationship, de
rived in an effort to 
avoid errors which may
 be introduced by the 
use of a velocity-poro
sity 
relationship developed
 from sediments unrela
ted to this margin. Th
is 
empirical equation rel
ating porosity to com
pressional wave seismic
· 
velocity was derived u
sing data compiled ·from
 three sources: 
10 
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1) Samples obtained from dredge hauls, gravity cores, and Alvin 
dives along the lower slope in the study area; 
2) Shipboard logs of DSDP cores from sites 174 and 175 [Kulm et 
a 1 . , 19 7 3 ] ; .. -·~"· .. , 
ll 
3) Down-hole logs of near-shore exploration wells [unpublished 
data from Pan American, Shell, and Union Oil Companies] .. I 
C 
Velocity, bulk density, and sa11:d content data were obtained directly 
from the well logs. Bulk densities were subsequently converted to 
porosities ~ssuming a grain density of 2.64 Mg m- 3 [Carson, 1971] and 
a water density of 1.025 Mg m- 3. On the returned samples (dredge, 
. 1· 
core, and Alvin samples), comp;ressional wave velocities were m·easured 
r 
using a pulse-time delay technique with equipment described in Baldwin 
and others [1981] (Appendix A). Porosities ·and sand content w·ere 
determined using standard laboratory procedures (Appendix A). A 
multiple regression analysis on the combined data sets establishes a 
correlation between porosity, velocity, and sa~d content. Finally, the 
derived regression equation was employed to translate velocity data 
from the seismic refraction surveys to porosities (Appendix A). 
Figure 4 shows the velocity-porosity r.elationship .derived from 
the data sources listed above (Curve A). DSDP data and laboratory-
derived data generally display lower velocities and higher porosities 
' 
than the well log data, which were acquired from sediments of Late 
Tertiary age subjected to deep (2-3 km)· burial and/or partial 
cementation. Partial cementation or extensive consolidation induced by 
deep burial results in increased elastic moduli and, thus, higher 
velocities. It is also likely, however, that the laboratory-derived 
·" velocities underestimate in situ velocities., Although great .care was 
11 
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taken to maintain accuracy in the laborat?,fY, the techniques used to 
determine porosity and velocity often introduce errors {Appendix A). 
For instance, partial drying of a sample results in a poor couple with 
" d 
the transducers, causing anomalously low velocity determinations. 
' . . 
Furthermore, the velocity may be sensitive to confining pressure 
[Brandt, 1955], and the returned samples were unconfined during 
velocity determinations. 
fl. . Since the well log data set was the largest of the three 
velocity-porosity data sources, the derived veloc·ity-porosity function 
is biased towards velocities greater than 1800 m s-1 {Fig. 4). 
However, refraction ve,locities are all at least 1800 m s-1 , and the 
lower velocities in Figure 4 are thus unimportant for the purposes of 
this study. The scatter in the velocity-porosity data results in a 
wide confidence envelope for predicted porosity (95% confidence 
interval, Fig. 4), indicating that actual porosities may vary f·rom the 
' . 
predicted porosities by over 15%. 
Curve B (Fig. 4) is generated from the velocity-porosity 
function employed by Bray and Karig (1985], ~ssuming sediment grain 
density of 2.64 Mg m- 3 . This velocity-porosity function predicts 
""'-'' p_ ~":,\ 
.,,__; ... 
r. 
greater porosity than does curve A. The disparity between curves A and_ 
B suggests either methodological errors or that the velocity-porosity 
relationship varies markedly with different lithologies and ~~grees of 
cementation. 
Bray and Karig [1985] postulate that a sediment composed of 50% 
sand will display 4% greater porosity than a mud'.9rich sediment at all 
velocities. Step-wise regression on the data sets pres·ented in Figure 
13 
/,• 
. . ~: 
I 
i 
" 
4, however, indicates that sand content does not affect the velocity-
. porosity relation~hip significantly at the 95% confidence level . 
. Including sand content in a multiple regression improves the 
regression coefficient by less than 0.01 (Appendix A). Sand content 
may simply not vary enough over the vertical sections integrated-by 
.. 
the seismic data to affect velocities or porosities significantly. 
14 
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RESULTS AND DISCUSSION 
The distribution of porosities in an ideal accretionary prism · 
with homogeneous sediments and Coulomb deformation is predictable 
-~ 
• 
[Moore and Silver, 198~]. Deformation rates are theoretically greatest 
in the prism toe, where sedim~nts dewater in response to increased 
tectonic and lithostatic load [Bray and Karig, 1985]. These conditions 
result in a vertical porosity gradient which becomes increasingly 
steep in a landward direction, as observed in the Sunda and Japan.Arc 
accretionary prisms [Bray and Karig, 1985]. Velocity data from the toe 
of the Oregon margin, however, suggest that, at every sub-bottom 
depth, porosities are greater within the prism than within Cascadia 
Basin. 
I 
Regression on velocity with depth for Cascadia Basin, the first 
(marginal) ridge, and the second ridge (Fig. Sa) yields linear 
relationships. Although the 95% confidence intervals overlap somewhat 
(Fig. Sb), analysis of covariance establishes the significance of 
individual regression lines at the 99% confidence level: 
H0 : Data fit common regression line 
F ~ 7.9; calc , ( 4, 9 d. f. ) 1 ,. (1) 
'-
F · ~ 6.42 
. 01, ( 4, 9 d. f.) · 
Therefore, H0 i~ rejected, and it is concluded that the data indicate 
a significant landward decrease in,velocity (Fig. Sa). 
Porosi.ties were calculated from ·velocities using the derived · 
equation (Curve A, Fig. 4): 
15 
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n- (1.871 X 106) XV - 2 -0668 t p . 
where n is porosity and vp is compressional velocity (m s- 1). 
Porosities were also estlmate·d according to the velocity-porosity 
• 
function proposed by Hamilton [1978] as modified by Bray and Karig 
[1985] (Curve B, Fig. 4): 
(2) 
Combining the three velocity-depth distributions (Fig. Sa) with 
'b 
the above velocity-porosity functions yields six porosity-depth 
functions (Figs. 6, 7). Regression on the porosity-.depth data suggests 
that the marginal ridge and upper slope display higher porosities than 
Cascadia Basin deposits (Figs. 6,7). Although the derived porosity 
·, 
curves of the three regions are statistically indistinguishable, the 
velociti&s from which these data are·derived are significantly 
' 
different. Both the velocities and the derived porosities indicate 
that compaction associated with accretion deformation is not evident. 
Indeed, the data may reflect a porosity increase (i.e. dilation), in 
the slope deposits. Thus, contrary to the results expected from 
e 
Coulomb models and previous studies [Bray and Karig, 1985], no 
evidence acquired here suggests -a landward decrease in porosity in the 
prism toe off Oregon. 
Although the results based::: on this study' s ve·locity-porosity 
relations.hip differ ~omewhat from the results b·ased on Bray and 
Karig's [1985] modification of Hamilton's (1978) equa~ion, both 
velocity-porosity functions predict a porosity._increase of up to 8% 
16 
<"; 
-. ·- -~i 
. . . 
. ~ . 
. . 
.. . . . 
\ I • • 
l • • • 
• I • • • . . . 
,. -.. .. 
,· I .• .' 
I ~ '• • • . 
. ~ ' ·. . '. 
\ 'I, ..... 
. . ' 
.. 
. ' 
• 
' 
. 
. . 
' . 
~1, • • -· • 
. . 
. , 
. . . 
. . 
.. 
' . 
. I. ,1 
• 
r 
' e 
' rt" 
..c:: 
...., 
,:l.c 
CD 
A 
. . . . ' 
' ' 
I • 
t 
1000 
0 
2000 
4000 
. 
Velocity (m/s) 
3000 5000 
Cascadia Basin 
First Ridge • 
6000 
• 
Second* 
Ridge 
Figure Sa. Velocity-depth plots for three positions in the pris~. 
Regression· analyses yield .the following equations. · · 
Cascadia Basin: 
r 2 - 0.97 vp - 2147 + (0.5897)z 
First Ridge: 
r 2 - 0.94 vp - 1924 + (0.5709)z 
Second Ridge: 
r 2 - 0.98 vp ~ 2076 + (0.395l)z 
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Figure Sb. Comparison of velocity-depth plots and 95% confidence 
• 
envelopes based on regression e.quations for Cascadia Basin, 
the first ridge, and the second ridge. · 
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Figure 6. Porosity plots for Cascadia Basin, the first ridge, and the 
second ridge calculated from the velocity-porosity 
relationship derived within this study. Error bars for 
select data points reflect the 95% porosity prediction 
envelope of the velocity-porosity relationship (Fig. 4). 
Regression equations for the curves estimate porosity, n, •' 
from sub-bottom depth, z (m). 
Cascadia Basin: 
DcB,z - 1/(3.838 + (3.158 x 10-3))z r 2 -= 0.96 
First Ridge: 
nFR,z - 1/(2.857 + (3.087 x 10-3))z r 2 - 0.96 
Second Ridge: 
nsR,z - 1/(3.547 + (2.147 x 10-3))z 
. ·• 
r 2 - 0.99 
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from the velocity-porosity relationship ·employed by Bray and 
Karig. [1985]. Regression analyses of these data points 
yields the following porosity-depth fu~ctions. 
Cascadia Basin: 
ncB z - 1/(2.024 + (3.150 x 10· 3))z 
' 
First Ridge: 
0 
• 
ncB,z - 1/(1.577 + (2.820 x 10·3))z 
' 
r 2 - 0. 97 :., ·· .. 
~· : . 
Second.Ridge: 
ncB,z - 1/(1.235 + (2.808 x 10·3»z r 2 - 0.96 
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from Cascadia Basin to the first ridge (Figs·. 6, 7). Similarly, both 
equations predict a porosity increase of up to 5% from the first ridge 
to the second ridge. "since the changes in porosities which take place 
. 
as sediments are incorporated in the prism are of more interest than 
absolute porosities, and since both porosity functions predict similar 
change, the virtues of one function over another are immaterial to 
this study. 
The results above raise several curious points. First, the 
relatively undeformed Cascadia Basin sediments appear to·have 
anomalously high velocities (and low porosities), particularly when 
· compared with data presented by Bray and Karig [1985] for undeformed 
basin reference sections. Second, although deformation models for the 
prism toe predict low porosities (high velocities) with respect to the 
deep ocean basin [Bray and Karig, 1985], the offscraped sediments in 
the study area display no such low porosities. Finally, the presence 
of authigenic carbonates [Carson et al., 1989; Johnson et al., 1989; 
Kulm and Suess, in press; Ritger et al., 1987] and the high discharge 
rates (0.2 m3 m· 2 day- 1) measured from vents [Carson et al., in press]~ 
imply that the region is dewatering rapidlyr but seismic data suggest 
no porosity loss. 
The apparent low porosities of Cascadia Basin sediments may 
result from tectonic stresses seaward of the morphologic deformation 
front, as postulated by Shi and Yang [1985] (Appendix C). Stress 
propagation into the basin sediments is. confirmed by reflection images 
' 
of faults as much as 5 km seaward,of the first ridge [Snavely ettal., 
., 
1986], and side-scan sonar surveys display surface manifestations of 
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faults as much as 10 km seaward of the first ridge [L.D. Kulm, 
' 
personal comm., 1989]. Seismic reflectors do not converge toward the 
\ 
' prism, however, so bulk density probably does not increase markedly in 
this direction [Cochrane et al., 1988; Lewis and Cochrane, in press; 
Snavely et al., 1986]. 
Relatively high velocities in Cascadia Basin probably result 
from coarse, terrigenous sediments with low porositie.s relative to 
pelagic and hemipelagic sediments of otherr deep ocean basins. 
Velocities from sediments of similar lithologies, presented by 
Jacobson and others [1984], are in close agreement with the velocities 
used in this study (Fig. 8). Furthermore, the velocities within the 
top 100 m of Astoria Fan are not well-resolved by refraction 
techniques and are probably significantly less than suggested by the 
'" 
best-fit linear equations (Fig. Sa). Although seismically-derived 
porosities presented by Jacobson and others [1984] are greater than 
those derived in this study (Fig. 8), the difference can be accounted 
for by the fact that Jacobson and others [1984] assume a grain density 
~ 
of 2.78 Mg m- 3 , rather than 2.64 Mg m- 3, for their conversion of bulk 
density to porosity. The value 2.64 Mg m- 3 was derived by Carson 
[1971] from analysis of Quaternary sediments deposited in Northern 
Cascadia Basin and Juan de Fuca Plain. Porosities deep within the 
sediment column are not constrained by drilling results, and the 
accuracy of predicted porosities is not well-known. However, since 
this paper focuses on spatial porosity changes, further speculation on 
the accuracy of the predicted porosities in Cascadia Basin is 
unnecessary, and it can be assumed that sediments in Cascadia Basin do 
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not display low porosities relative to terrigenous sediments in other 
., . 
deep ocean basins. 
All evidence acquired in this study suggests that the toe of the 
Oregon margin prism is eiperiencing little to no porosity reduction 
during the accretion process. Three hypotheses co~~erning this 
apparent discrepancy are considered below. These hypotheses are not 
mutually exclusive; indeed, the truth probably lies in some 
combination of the three. 
Hypothesis 1: Pressure effects on velocity 
Although seismic velocities have been used to define porosities 
in a number of accretionary prisms [Bray and Karig, 1985; Davis and 
Hyndman, 1989], the assumption that velocity is a reliable indicator 
of porosity may be invalid. Anomalously low velocities within the 
prism may result from effects other th.an porosity. The speed of sound 
through porous media is a complex function of bulk modulus, grain 
density, bulk density, confining pressure, and fluid pressure [Brandt, 
1955]. Significant errors in porosity predictions may be introduced by 
reducing velocity to a simple function of porosity under the common 
assumption that all other parameters are constant. In particular, 
. ' 
fluctuations in pore fluid pressure can theoretically.change the 
velocity.with little change in porosity. Brandt [1955] submits that 
when pore pressure approaches lithostatic pressure velocities may 
decrease by as much as 500 m s-1 . Shi ·and Wang [198.5] maintain that 
ex~ess pore pressures in prisms develop from high applied stresses 
(Appendix C), and there is evidence for high pore pressures in other 
prisms [Moore et al., 1988; Moore and Biju-Duval, 1984; Carson and 
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Bruns, 1980]. A velo_city reduction of 500 m s·1 applied to the 
Cascadia Basin velocity-depth curve, ~s-a gross simulation of elevated 
pressure effects, encompasses the full range of velocities observed in 
this study '(Fig. 9). Therefore, elevated pore pressures in the prism 
toe may result in apparent porosities (i.e. those inferred from 
( 
velocities) which-exceed the actual porosities. 
Excess pore pressures can be sustained under conditions of low 
permeability and high applied stress. However the .coarse nature of the 
sediments on the,Oregon margin [Kulm et al., 1973] and the apparent 
existence of numerous faults through the prism [Snavely et al., 1986] 
imply high permeabilities. Elevated pore pressur.es might thus be 
expected to dissipate relatively rapidly. Nevertheless, one 
hydrogeological model predicts pore pressures up to 40 MPa in excess·· 
of hydrostatic conditions in the prism toe for assumed permeabilities 
of 10-18 to 10-16 m2 (Shi et al., 1989]. In this scenario, discharged 
fluids are replaced by deeper-sourced fluids to maintain high 
porosities and pressures . 
Hypothesis 2: Rapidly thickening sediment col11mn 
A~omalously high porosities in the Oregon margin may result if 
the sediment column thickens by thrust faulting more rapidly than it 
can dewater (Fig. 10). Seismic reflection images [Snavely et al., 
1986; Cochrane et al., 1988] suggest that sediment is added to the 
prism by westward imbricating thrust slices. Rapid formation of a ramp 
anticline at the prism toe engenders dewatering of the footwall, at 
least in part a response to an increased lithostatic load.·Thrusting 
. 
may imbricate nearly identical sequences of relatively· high porosity 
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Figure 9. Adjusted curve of velocity and depth for Cascadia Basin 
sediments. The shift left for this curve assumes pore 
pressures _fqual to l_ithostati~ pressure, causing a roughly 
500 m sec decrease in velocity according to the theory 
presented by Brandt [ 1955]. 
27 
"· 
I 
l 
l 
l 
I 
! 
1 
l 
_., 
. i 
~ ·: .. 
, ' 
~ . 
, , 
. 
. ' . 
I • 
,• 
/ 
upper colwnn sediments in a geologicatly short period of time (i.e. 
<0.3 ~. Carson (1977]). If dewatering of the thick lower blocks in 
response to. the load occurs more slowly than the rate at which the 
'load is applied, conditions of underconsolidation occur with 
concomitant elevated pore pressures and anomalously high porosity . 
• 
I 
To i·llustrate this ~hypothesis, a simple one_-fault model 
incorporating the emplacement of an 800 m thick thrust sheet is 
presented in Figure 10. If thrust sheet emplacement is instantaneous, 
the footwall sediments will initially display a non-equilibrium 
porosity-depth profile following faulting. Excess pore pressure in the 
· footwall will develop, and dewatering of the footwall will commence in 
response to the "excess" lithostatic load. (i.e. lithostatic load 
which is greater than can be maintained under the existing porosity 
·:: .. '.c_onditions). As porosity in the footwall decreases in response to the 
t> 
load, displaced fluids will migrate upward and/or seaward along 
permeable aquifers and fault zones. Injection of fluids into the 
hanging wall may induce pore fluid overpressuring or hydrofracturing. 
Given time and cessation of faulting, the porosity~depth profile would 
lose its non-equilibrium configuration, eventually approaching the 
equilibrium curve of the basin reference section (Fig. 10). 
Although the porosity-depth functions derived from this study do 
not display non-equilibrium patterns (Fig. 6), they do not invalidate 
this proposed model. Velocity modeling from seismic refraction surveys 
. I 
assumes that velocities increase with depth·, and resulting poros·ity 
values are constrained to decline regularly with depth. Thus, the 
. 
porosity-depth functions derived in this study may be smoothed 
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Figure 10. Simple one-fault model incorporating instantaneous 
emplacement of 800 m thick hanging w~ll. Hypothetical 
porosity gradient curves for the two points depict 
dewatering history. Duplicating the actual Casca~ia Basin 
porosity gra4ient curve simulates instantaneous emplacement 
of the thrust sheet. F~each 1 m x 1 m x 3000 m the 
volume of fluids' expell~ed from the footwall is the 
difference between the integrated curves· (i.e. shaded 
region). 
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approxima~ions of more complex, possibly- reversing, porosity-depth 
distributions. Porosity reversals_ with increasing depth in prisms have 
been documented previously [Biju-Duval et al., 1984; Carson and Bruns, 
1980], but have been attributed to hydrofraturing rather than the 
result of thrusting and rapid increases in vertical load. 
Regression analyses yield porosity-depth functions (Figs. 6, 7), 
from which the volume of pore fluids in a sediment col11mn can be 
calculated. According to the simple one-fault model, a 1 m x 1 m x 
3000 m column (which extends approximately to basement) can be 
constructed, in which ~he upper 800 m (h~nging wall) is normally 
I) 
consolidated (i.e. no excess pore pressures). Assuming that faulting 
emplaces the hanging wall instantaneously, the lower 2200 m {footwall) 
will experience excess lithostatic load, creating excess pore 
pressures (Fig. l0) . ..1As fluids migrate upward the footwall porosity-
depth curve must adjust until it attains the shape of the equilibrium 
basinal curve, thus eliminating the porosity reversal ·created by 
faulting. Using the Cascadia Basin porosity-depth functio·n derived 
from this study's velocity-porosity relationship (Fig. 6, caption), 
the volume (V) of fluids which would be expelled from the cell is the 
shaded region between the two curves: 
2200 
nCB,Z dz -
0 
3000 
nCB,zdZ 
800 
(4) 
or V - 94 m3 , where the porosity-depth function (ncB,z) is the derived 
equation for Cascadia Basin (Fig. 6, caption): 
ncB,z - 1/(3.838 + (3.158 * 10·3)z) (5) 
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and z is sub-bottom depth (m). Similar integration of the basin depth 
function derived from Bray and Karig's porosity-depth curve (Fig. 7, 
caption) yields V - 142 m3. 
Observed vents on the sea floor are localities of fluid 
expulsion, possibly in response to prism-wide dewatering [Suess et 
al., 1985; Ritger et al., 1987]. If metered discharge rates of 0.2 m
3 
m- 2 day· 1 [Carson et al., in press] are steady state, then the entire 
94 m3 ·of excess fluid in the footwall would be expelled in only 470 
days. Fluid is vented, however, at widely distributed sites [Carson et 
al., in press], which suggests that a single vent expels fluids 
·derived from sediments under a large area. Assuming a maximum age of 
0.3 Ma for th.e first ridge [Carson, 1977] and steady-state discharge, 
a single 10 m2 vent ~ould expel fluid from sediments beneath an area 
of over 2 km2 . Existing vents are closely spaced (~500 m), and their 
theoretical zones of influence overlap [Carson et al., in press], 
which suggests that venting id P:Ot steady-state. Indeed, the presence 
of inactive vents on the seafloor, recognized by dead clams and 
carbonate deposits, requires that venting is spatially and temporally 
sporadic. Thus, large-scale dewatering models cannot be" constrained by 
short-term discharge measurements at individual vent sites. 
The methane signature of the expelled fluids indicates a 
,l 
biogenic, rather than thermogenic origin, indicating temperatures ~ 3 
\, 
below 75°c and, thus, acshallow source of fluids [Suess and Whiticar, 
1989; Ritger et al., 1987]. Shi and others (1988] have demonstr$ted~ 
however, that the temperature gradient in the upper kilometer within 
the prism is roughly 37 °C/lan, whereas the Cascad:ia Basin temperature 
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gradient is about 50 °Cf1fm. The l9wer temperatu
res in the p-rism 
presumably result from tectonic thickening of t
he uppermost sediment 
strata. It is possible that fluids sampled at v
ents originate in 
sediments which, prior to accretion, were uppe
r col,,rnn sediments that 
. "' 
have subsequently been buried to depths of a k
ilometer or more. In~ 
this way, the occurrence of biogenic methane do
es not limit the source 
of fluids to the upper 750 mas Ritger and ~rs
 [1987] suggest. 
This hypothesis is greatly simplified for purpo
ses of 
• 
presentation, however the number of seaward-ve
rging thrust faults can 
be increased without affecting the basic argum
ent that the sediment 
· column thickens faster than it dewaters. Furth
ermore, the repetit~on 
of section by thrusting is not an instantaneous
 phenomenon, but rather 
an ongoing process with average uplift rates s
lightly less than the 
plate convergence rate. Therefore, the dewateri
ng of footwall 
sediments in response to increased vertical loa
d is probably a near-
steady-state process over the long term. Over t
he short term, however, 
pore pressures probably fluctuate in response t
o faulting events 
(Gretener, 1981]. 
Hypothesis 3: Fabric dilation 
An alternative phenomenon which may cause anom
alously high 
porosities in th·e prism toe" is fa~ric dilation·
 and reorientation of 
mineral grains. High pore pressures, generated 
in the prism toe from 
subhorizontal (i.e. tectonic) streiss, and, perhaps, injection
 of 
deeper-sourced fluids may cause fabric expansio
n. This phenomenon may 
be exacerbated by fabric disruption due to bend
ing in the hanging wall 
of a ramp anticline. Dilation is possible prior
 to fabric collapse 
~ 
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thro~gh formation of small-scale vein structures, features common at 
shallow levels in both modern [Knipe, 1986] and ancient accretionary 
prisms [Lash, 1989; Cowan, 1982; Byrne, 1984]. Although vein 
structures have been interpreted as tensional features [Knipe, 1986], 
they can form in a compressional environment when the pore fluid 
,, 
pr·essure exceeds o 3 , the least principal stress component [Ritger, 
1985]. High pore pressures have been documented or inferred for 
several other prisms [Moore et al., 1988; Moore and Biju-Duval, 1984; 
Carson and Bruns, 1980] where fabric collapse associated with vein 
structures is also documented. No substantial evidence of.fabric 
Cl, 
· collapse is available for the Oregon margin since existing drill ho~s 
do not penetrate the active prism. Seismic reflection data, however, 
suggest fabric disruption, perhaps associated with diapiric movement 
beneath the first ridge [Lewis and Cochrane, in press]. Numerous cone.~! 
" 
shaped features on the ocean floor are suggestive of mud diapirs, 
further evidence for excess pore pressures and fabric disruption. 
Dilation at the prism toe resulting from elevated pore fluid 
pressures may imply the addition of fluids from elsewhere within the 
prism or basin. Assuming the apparent porosity increase in the prism 
toe is real, and, further, that it results purely from fabric 
dilation, the volume of fluids added to a column of sediment as it 
expands is easily determined. Integration of porosity-depth equation 
(Fig. 6, caption) over a 1 m x 1 m x 3000 m sediment column yields the 
volume of fluid in that column (Fig. 10). The difference in fluid 
volume between an undeformed (Cascadia Basin) eolumn and first ridge 
columns is 
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or V - 74 m. Porosity-depth functions nFR,z and ncB,z are listed in 
• 
the Figure 6 caption. 
Several sources of additional fluids are likely. The first 
,, 
source is fluid made available by rapid thickening of the sediment 
., 
col1irnn. This scenario has already been presented, b·ut it is noteworthy 
that the volume of water (94 m3, Eq. 4) available for release from the 
footwall of the simple one-fault model is sufficient to induce the 
pore fluid volume increase predicted.by equation 6. 
-c 
A second possible fluid source is clay mineral diagenesis 
" 
[Tribble and Yeh, 1989; Vrolijk, 1989]. Conversion of smectite to 
illite releases water at temperatures(;, between about 80 °c and 150 °c 
[Perry and Hower, 1972; Hower et al. 1976]. The contribution of fluids 
from clay mineral dehydration can be estimated following the methods. 
of Perry and Hower [1972]. These calculations indicate that up to 4% 
of the original bulk volume of a sediment may be released as water 
Q 
from below 2 km (Appendix B). In a 1 m x 1 m x 3000 m sediment column, 
this percentage implies nearly, 40 m3 of fluid is released below 2 km 
during clay mineral dehydration, indicating that clay mineral 
dehydration also yields sufficient volume to account fo~ the projected 
dilation. 
A third possible source of fluids is water released from fabric 
collapse deeper within the· prism. Fabric collapse occurs during scaly 
foliation formati-on. Like vein structures, scaly foliation is a common 
feature of prisms, both modern [Moore et al., 1986) and ancient [Lash, 
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1989],.however scaly foliation is generally formed at depths greater 
than a kilometer [Moore·et al., 1986]. With no information on the 
extent of scaly foliation formation within this prism, it is 
impossible to quantify this water source. 
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· .SYNTHESIS AND CONCLUSIONS 
' 
Seismically-derived porosity data suggest that the Or
egon margin 
prism toe is experiencing little or no porosity reduc
tion during the 
offscraping process. In fact, data suggest (but do not prove) a 
seaward-steepening vertical porosity gradient for the
 prism-toe, 
contrary to results from other margins [Bray and Karig [1985J. 
Velocities beneath the two wester;n-most ridges are si
gnificantly less~ 
than those at similar depths in the basin, although i
t is· 
statistically impossible to demonstrate a significant
 difference in 
velocity-derived porosities·. Anomalously low velociti
es in the prism 
may be created by a combinat_ion of phenomena. Imbric
ation of porous, 
near-surface sediments may induce dewatering of rapid
ly buried 
packages, creating excess pore ,)fluid pressures which retard . 
consolidation and may cause dilation. Tectonically-~o
dified pore 
pressure gradients cause fluids to migrate upward and
 seaward through 
the sediment column along faults and sandy aquifers. 
This flow may b~ 
augmented by additional clay mineral dehydration.at d
epth. Despite the 
apparent high porosities of the sediments in the pris
m toe, ob~erved 
discharge from vents and widespread authigenic carbon
ate deposition 
are evidence for substantial fluid expulsion from the
 prism. The 
porosity data and the presence of inactive vents sugg
est that vents 
are sporadic phenomena. Furthermore, although the rol
e of vents in the 
prism-wide dewatering process is uncertain, discharge
 rates of 0.2 m3 
m- 2 day-1 [Carson et al., 1989] at a single vent probably cam;i~t 
be 
sustained over long periods of time. 
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Anomalously low seismic velocities suggest excess pore pressures 
) 
and anomalously high porosities within the study·area. These 
conclusions seem inescapable, despite the numerous faults [Snavely et 
al., 1986] and the coar·se nature of the sediments within the prism 
[Kulm et al., 1973; Orange e-t al., 1989]; which might be expected to 
accelerate fluid migration. Orientation of platy minerals in foliated 
zones and in vein structures leads to an overall porosity decrease 
af-ter pore pressures resume near-hydrostatic conditions. [Moore etf'al., 
1986; Knipe, 1986]. This particular r~gion, however, may be 
experiencing a period of elevated pore pressures and possibly dilation 
prior to faulting [Gretener, 1981] or fabric collapse. Alternatively, 
the prism toe may always experience elevated pore pressures and 
porosities, suggesting deformation is rapid here and stress is always 
great. 
Recent studies suggest that these results are not wholly 
unexpected. Bekins and Dreiss [1989] reported anomalously high 
porosities at the toe of the Barbados Ridge accretiona~y prism. On the 
Oregon margin prism, fluid flow models predict excess pore pressures 
' 
throughout the prism toe [Shi et al., 1989]. Furthermore, the 
morphology of the Oregon margin prism toe does not agree well with 
that predicted by models incorporating Coulomb rheology (Orange e_t 
. 
al., 1989], indicating that these models [Dahlen, 1990; Zhao et al,, 
1986; Davis et al., 1983] may be inapplicable at the toe of·the wedge. 
Finally, the results of this study are consistent with theories of 
~igh pore pressure generation within accretionary prisms [e.g. Shi and 
Wang, 1985] (Appendix C), despite the coarse nature of these sediments 
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relative to other prisms. Clearly, no definitive explanation for the 
, ' 
anomalously low velocities can be given until further drilling 
provides direct data on velocities, porosities,.- arid structures. These 
data, in combination with numerical models of fluid flow and sediment 
"f;I 
compaction should help us to better understand the critical factors in 
the dewatering process . 
_\ 
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APPENDIX A -- DETERMINATION OF A VELOCITY-POROSITY RELATIONSHIP 
A-1·: Sources~ of Data 
Data for determining the velocity-porosity relationship (Fig. 4) 
were obtained from three sources. The first source was downhole logs 
from six.exploration wells drilled near the coasts of Oregon and 
Washington during the mid 1960's by Shell, Union, and Pan American Oil 
Companies. The wells penetrate through the Pleistocene shelf deposits 
into the ancient prism sediments: Oligocene to Miocene turbidites and 
melanges of the Hoh formation [Snavely and Wagner, 1982; Rau and 
Mcfarland, 1982) .. It is assumed in this,study that these sediments are 
- , .
. physically and mineralogically similar to Plio-Pleistocene sediments 
. of the active prism toe. 
Sonic velocities and bulk densities were digitized directly from 
the logs. The conversion of bulk density to porosity employed the 
equation: t 
Pb - Ps (7) n - ~------
with a sediment grain density of Ps - 2.64 Mg m- 3 [Carson, 1971] and a 
water density of Pw - 1.025 Mg m- 3 . This conversion is sensitive to 
the value chosen for Ps· The grain density for terrigenous sediments 
may be as great as 2.76 Mg m~ 3 [Hamilton, 1976], implying porosities 
5% greater than predicted using Ps - 2.64 Mg m- 3. Because of this 
sensitivity, porosities calculated in this study are systematically 
lower than those in comparable studies [i.e. Jacobson et al., 1984; 
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Bray and Karig, 1985]. 561 data points were acquired by .,this method 0 
for the velocity-porosity relationship. 
,· 
The second source of dat• for the velocity-porosity relationship 
isJ 1:Shipboard logs from DSDP Leg 18 [Kulm et al., 1973]. Site 174 
·-'./ 
extends through approximately 900 m of Pleistocene to Pliocene 
sediment on Astoria Fan, and Site 175 sampled approximately 200 m of 
Pleistocene and Holocene sediments ponded behind the marginal ridge of 
the slope [Kulm et al., 1973]. These sediments are a~wned to be 
' I 
relatively undisturbed equivalents of the lithologies in the prism. 
Log velocities were measured on -cores .r.emoved from _the liners using 
· standard shipboard procedures [Kulm et al., 1973]. Porosities were 
measured by GRAPE (Gamma Ray Attenuation Porosity Evalu~tor) [Kulm et 
... 
' 
al., 1973]. Core disturbance limits the availability of data, and only 
39 data points were available. 
The third source of data was samples gathered from Atlantis II 
J, 
' 
cruises during the s11mmers of 1987 and 1988. These samples include 
Alvin grab samples, dredg~ hauls, and several gravity cores. 28 
individual samples were analyzed for seismic velocity and porosity 
according to the techniques outlined below. 
A-2: Laboratory Procedures 
A-2-a: Measurements of seismic velocity 
Compressional wave seismic velocities were determined at the 
University of ~ew Hampshire, Ocean Engineering Department. The 
equipment consisted of a caliper device, across the ends of which a 
compressional seismic pulse was transmitted [Baldwin et .al., 1981). A 
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sample was placed in the calipers ·and the travel time for each pulse 
across a measured distance was monitored using an oscilloscope. The 
velocity (VP) for each sample was then calculated by a simple distance 
t 
over time relationship, and a correction was applied to compensate for 
the change in.hydrostatic pressure from ambient conditions at two 
kilometers depth according to the ,iuation: 
,. 
(Vwater in situ><Vsed lab) , . , 
. . -1n situ ----------~--------~--------------
Hamilton [1971]. For this correction I assumed 
(Vwater 
' 
(Vwater , 
-1 ' 
in situ> - 1500 ms and 
lab> - 1529.6 m s-1 [Hamilton, 1971). 
/:r~-\t~locities obtained by this technique, may-not accurately 
/ 
(8) 
reflect velocities at depth within the sediment column, since samples 
were unconfined in the laboratory. Sediments buried within a sediment 
column will display greater velocities due to increased lithostatic 
pressures [Brandt, 1955]. Therefore, the velocities obtained by this 
technique are applicable only to those sediments at or very near the 
top of the column. In addition, some samples, particularly the sand-
rich samples, were slightly dry on the outside, resulting in a friable 
texture and a three-phase medium (i.e. air, water, and sediment). This 
condition causes poor coupling between the calipers and the sediments 
and a week signal. Consequently, sand-rich samples with velocities 
lower than 1500 m sec·1 were excluded from the velocity-porosity 
regression analysis. 
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A-2-b:~Grain size analysis 
~ 
The proportions of sand(> 62 µm), silt (4-62 µm), and clay(< 2 
µm) for each sample were determined by standard wet sieving and 
pipette methods as described by Ingram (1971] and Galehouse [1971]. 
· Sediments were slaked, dispersed with sodium-metaphosphate, and 
sonicated before wet sieving through_ a 62 µm sieve. The fine fractions 
were diluted in constant volume 1000 mL cylinde·rs, and 20 mL aliquots 
were taken at times determined by Waddell's modification of Stok.e's 
Law in order to separate the clay and silt fractions. 
A-2-c: Porosity measurements 
Porosities of samples were measured by a weight loss technique 
described by Curtis [1971]. The bulk volumes (Vbulk) were determined 
by weighing saturated samples in air and water, and applying the 
following equation: 
_ ~et, in air· 1\tet, in water 
vbulk ~ ------------------------------- (9) 
Pwater. 
Each s~ple was subsequently dried in an oven at 60 °c for several ) 
days, desiccated, and weighed again to determine the dry mass (Mdry>· 
To obtain the sediment mass (Msed), a minor correction for salts was 
applied assuming salinity of 0.035: 
M -M -Mdry 
·-water ·-wet 
Msed - Mdry - CM.water x 0.035) 
The sediment volume (V58d) was then calculated for each sample: 
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(12) 
where the grain density (ps) for sediments on this margin is assumed 
,:, 
to be.2.64 Mg m- 3 [Carson, 1971]. Finally, the pore volume for each 
sample was calculated as the difference between the bulk and sediment 
volumes: 
(13) 
and porosity (n) is simply the fraction of pore volume: 
(14) 
The primary problem inherent with this technique is the break-up 
, 
of samples in water during the weighing process, resulting in a net 
, 
·decrease in Mwet in water following the determination of Mwet in 
' ' 
air· Calculations of this effect indicate that calculated porosities 
may overestimate the true porosities by as much as 3 or 4% .. 
A-3: Regression analyses 
Regression analyses were run on the data to relate porosity to 
compressional wave seismic velocity and sand content. Step-wise 
r 1egression reveals that the sand content improves the correlation 
between porosity and velocity only slightly, increasing R2 by 1%. 
Results indicate that velocity is a significant predictor of porosity, 
however, and the equation which best fits the data, according to the 
least squares criteria, is: 
n - (1.871 x 106) x vp- 2 · 0668 R2 - 66.72% (15) 
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Although R2 is riot high, the correlation is significant: R - 0.82, 
with 607 degrees of freedom. According to tabulated critical values, 
.RO.Ol,SOO-= 0.12. Since Rcalculated > Rcritical the correlation 
between velocity and porosity is significant at the 99% confidence 
level. 
' ... 
' i: 
" 
Some disparity exists between the velocity-porosity data derived 
from the· various sour_ces. The laboratory-derived data show anomalously 
' . lo,w velocities (as indicated above, techniques for determining 1 . (_ 
velo·city in the lab probably underestimate true velocities, and 
porosity measurements may be slightly high due to laboratory 
inaccuracies)~ Therefore, the gap between the lower velocity data 
(i.e. DSDP and returned samples) and higher velocity data (well-log 
data) may exist due to laboratory procedures which inherently yield 
inaccurate results. Bec·ause many more data points exist from the well-
log data set than from the other data sets, the velocity-porosity 
relationship is weighted in favor of the well-log data. Furthermore, 
since most velocities provide~ by the refraction analysis are higher 
than 2.0 km/s, the well-log data are the primary data applicable to 
the velocity-porosity transformation in this study. 
The regression equation presented by Hamilton [1978] and 
modified by Bray and Karig [1985] results in a curve which approaches 
the 95% confidence envelope of the curve derived for this study (Curve 
A, Fig. 4). Predictions·· of porosity based on this equation are 
presented in the text for comparison. 
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APPENDIX B -- CLAY MINERAL DIAGENESIS 
In an attempt to evaluate the possible significance of fluids 
added to the hydrologic system from clay mineral diagenetic 
dewatering, a series of calculations were made following Pe~.ry and 
\ 
Hower [1972]. The conversion of smectite to illite is a two-stage 
J 
process, the first stage generally occurring between 80 and 100 °c, 
and the second stage. occurring bet~een 1~0 and 150 °c. These results 
are derived from data of the Gulf Coast area, where the geothe_rmal 
gradient is about 30 °c km- 1 . Shi and others [1988] propose thermal 
structures for the Washington overthrust area. Jn the upper one 
kilometer, the geothermal gradient in Cascadia Basin is about 50 °c 
km- 1 , whereas the thermal gradient of the prism toe is approximately 
37 °c 1cm· 1 . Because these data were acquired north of the study area, 
at points closer to the Juan de Fuca ridge, the thermal gradients may 
be slightly high compared to those off the Oregon coast. Nevertheless, 
it is safe to assume that below 2 km temperatures are high enough to 
initiate clay mineral diagenesis in Cascadia Basin. 
To predict the volume of water released from clay mineral 
diagenesis, it is necessary first to estimate the percentage of clay- , 
sized sediment and, within that grain size, the percentage of 
smectite. On the Oregon Margin, DSDP holes suggest that_, by weight, 
!~ 
about 35% of the sediment is clay sizeci [Kulm et al.·, 1973]. About 40% 
of the clay is smectite [Kulm et al., 1973], and roughly 55% of that 
is expected to dewater [Perry and Hower, 1972]. Thus, calculations 
predict that less than 2% (by weight) of original~ediments is· 
released as ~water from diagenesis o.ff the coast of Oregon: 
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(35% clay 1sized) x (40% clay _is smectite) 
x (55% of smectite"dehydrates) , 
x (20% by weight released as water)· 
- 1.5 % by weight is released as water 
' 
J 
Assuming a bulk density of 2.5 _g cm- 3 , a 1 g (0.42 cm3) sample, of 
. 
' '' 
.I~ 
(16) 
saturated sediment yields O. 015 g (0. 015 cm3)· fluid from diagenetic 
dewatering. Th~s. nearly 4% (0.015/0.42) of the original bulk volume 
' 
' 
is released as fluid from clay diagenesis. In a 1 m x 1 m x 3000 m 
sediment col11mn, this percentage implies a volume of nearly 40 m3 is 
released from clay mineral from below _2 ·km. Clearly, this fluid source 
' 
· is potentially significant, particularly considering the volume of 
sediment subducted beneath the prism as inferred from reflection 
profiles [Snavely et al., 1986]. 
"· 
(; 
\ 
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APPENDIX C -- STRESS FIELDS AND PORE PRESSURE EVOLUTION 
The balance·between excess pore fluid pressures and dewatering 
-
. 
0 
is determined by stress conditions and the sediment physical 
characteristics. Shi and Wang [1985] identify three zones, or stages, 
in the evolution of pore fluid pressures in an ideal accretionary 
complex. The first zone includes the flat-lying pelagic and 
hemipelagic (and in the case of Cascadia Basin, turbidite) sediments 
dep5>sit-ed on top of the subducting plate in the deep ocean basin. 
These sediments are subject to vertical stresses from slowly 
accumulating overburden material, and dewatering is.presumably a slow, 
diffuse process which maintains near-hydrostatic pofe pressures. 
As a sediment package approaches the accretionary prism on the 
subducting plate, it experiences an additional horizontal to sub-
horizontal stress component which results from the balance between the 
basal shear and the resistance from the prism [Shi and Wang, 19&5]. In 
this second stage, pore fluids are pressurized in response to the 
increased stress conditions. Numerical hydrologic modeling of this 
prism predicts elevated pore pressures within the prism toe [Shi et 
('. 
al., 1989]. Sediment compaction occurs if sediments are permeable 
enough to allow dewatering, which, according to Roscoe and others 
[1958], is more efficient in a biaxial or triaxial state of strain 
. 
! l" \ 
than in a simple uniaxial strain field. Complex strai~~>tields are f,.._...._, 
typical of accretionary complexes and some accreted sediments probably 
dewater readily. Fin~-grained, low~permeability sediments, on the 
.. 
) 
other hand, can retard dewatering and cause pore fluiq pressures to 
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increase dramatically, sometimes to the point of lithosta
tic pressure 
[Moore et al., 1987]. 
Yithin the prism, a significant sub-horizontal stress com
ponent 
exists, and folding and imbricate thrusting can increase 
the 
ft/' 
overburden load substantially in a relatively short period
 of time, 
causing further overpressuring and'dewatering. Shi and Wa
ng [1985] 
• 
identify the prism as the third stage in pore pressure ev
olution. 
Dewatering is limited by the permeability of the sedimen~
s or by the 
presence of structural aquifers, such as, fault zones. Ex
cess pore 
fluid pressures have been documented in the Barbados Ridg
e prism 
,' 
I 
'decollement [Moore et al., 1987]. By the time sediments have been 
'• 
incorporated into the prism far inboard of the deformatio
n front, they 
have probably experienced significant pore fluid expulsio
n and 
concomitant porosity reduction. 
The morphology of the prism is predictable by critical taper
 
I , 
\, ,) 
Coulomb models [Davis et al., 1983; Zhao et al., 1986; Dahlen, in 
press]. High.porosity sediments with low strength. are characterized 
by 
a steep critical taper, whereas following fabric collapse
 and porosity 
reduction, sediments are stronger and, d;splay a gentle cr
itical taper. 
Consequently, many prisms display a morphologic break nea
r their toes, 
presumably a division between weak, porous sediments and 
strong, dense 
sediments. 
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